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DURABLE COATING COMPOSITION, PROCESS FOR 
PRODUCING DURABLE, ANT I REFLECTIVE 
COATINGS, AND COATED ARTICLES 

5 Df^Rgriptjon of the Invention 

The present invention relates to a novel durable coating 
composition. More particularly, the present invention relates 
to a novel process that utilizes a durable coating to form a 

10 single-layer r durable, broad band ant ire flee tive coating on an 
organic polymeric host material. Still more particularly, 
this invention relates to articles such as optical elements, 
e.g., ophthalmic lenses, transpaxent sheets, films and 
photochromic articles, such as photochromic optical elements, 

IS transparent sheets and films, having on at least one surface 
thereof, a diirable optically transparent coating of the 
present invention, or a durable, antireflective optically 
transpairent coating formed by the process of the present 
invention. 

20 Organic polymeric host material (s) that are typically 

used to make optical elements, transparent sheets and films, 
have surfaces that are susceptible to abrasion and chemical 
attack. Often, such materials are coated with a protective 
coating to inprove their abrasion resistance. 

25 Abrasion resistant coatings that incorporate polyvihyl 

alcohol or hydrolyzed polyvinyl acetate cOid acid polysilicic 
acid ester, hydrolyzed polysilicic acid ester or hydrolyzed 
metal lower alkoxide have been described in U.S. patents 
2,404,426; 3,652,379; 3,971,872; 3,998,991; 4,120,992; 

30 4,423,131; and 5,037,871. Abrasion resistant coatings 

incorporating hydrolyzed polysilicic acid esters and polyvinyl 
acetals having a hydroxyl group content of 35 to 50 weight 
percent, calculated as polyvinyl alcohol, are described in 
U.S. patents 4,164,602 and 4,172,187. The use of polyvinyl 

35 pyrolidone with organoalkoxysilane to form siloxane organic 
hybrid polymers is described in U.S. Patent 5,115,023. Other 
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protective coatings formed from a partial condensate of a 
silanol or an organic silicone compound (or its hydrolysate) 
and particulate matter such as colloidal silica or micron- 
sized diamonds are described in U.S. Patent 3,986,997 and 

5 Japanese Patent implication 3-21678, respectively. 

In U.S. Patent 4,127,697, an improvement in the adixesion 
of the abrasion resistant coating described in U.S. Patent 
3,986,99? to a lens, is obtained by treating the lens with a 
tie-coat comprising an A-alkylenealkoxysilane, wherein A 

10 contains a group reactive with the substrate. Japanese Patent 
Application 62-212490 describes a coating comprising 
composites made of methyltrimethoxysilane and other organic 
silicones. This coating is used to control the rate of 
discoloration of organic photochromic viologen compounds that 

15 have been incorporated into a soluble resin, such as polyvinyl 
alcohol . 

Photochromism is a reversible phenomenon exhibited by a 
compound which, when exposed to light radiation involving 
ultraviolet rays, such as the ultraviolet radiation in 

20 simlight or in the light of a mercuiy lamp, changes color and 
then returns to its original color after the ultraviolet 
radiation is discontinued or the compound is stored in the 
dark. Various classes of photochromic conpounds have been 
synthesized and suggested for use in applications in which a 

25 sunlight -induced reversible color, change or dsorkening is 
desiired. For example, spiro{ind61ine)pyridoben2oxazine 
photochromic compounds are described in U.S. Patent 4,637,698. 
Spiro{indoline)naphthoxa2ines are described in U.S. Patents 
3,562,172; 3,578,602; 4,215,010 and 4,342, 668 . Benzopyrans 

30 and naphthopyrans having a nitrogen- containing sxjbstituent at 
the 2 -position of the pyran ring axe described in U.S. Patent 
4,818,096. All of the af oredescribed oxazine- and pyran- type 
organic photochromic conpounds are reported to exhibit a color 
change of from colorless to piirple/blue on exposure to a 

35 source of ultraviolet (UV) light, e.g., sunlight. 
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Other organic photochromic compounds are reported to 
exhibit a color change of from colorless to yellow/orange when 
exposed to a soiirce of UV light. Exait5>les of such organic 
photochromic compounds are benzopyrans and naphthopyrcois 
5 having a spiro adamant ane group at the 2 -position of the pyran 
ring. These spiropyrans are described in U.S. Patent 
5,826,977. Other yellow/orange coloring organic photochromic 
compounds include the naphthopyran compounds described in U.S. 
Patent 5,066,818. These corapotuids contain at least one ortho- 
10 sxabstituted phenyl sxabstituent at the 3 -position of the pyran 
ring, preferably a monoortho-sxabstituted phenyl substituent. 

As reported in the literature, a major market demand for 
photochromic ophthalmic lenses are for those that darken to a 
brown or gray color. See, for example, U.S. Patent 4,818,096 
15 (coltiran 2, lines 35-45). In order to achieve such a near 
neutral coloring of an article, blending of one organic 
photochromic substance having an absorption maximum within the 
range of between greater than 590 and about 700 nanometers and 
another organic photochromic stJbstance exhibiting at least one 
20 absorption maximum and preferably two absorption maxima, 
within the range of between about 400 and less than 500 
nanometers has been described in U.S. Patent 4,968,454. 

Antireflective coatings on ophthalmic lenses have become 
very desirable for consumers in various world markets. The 
25 advantages of such coatings, as reported by K.H. Guenther in 
Thin Film Coating Technology for Ophthalmic Lenses, SPIE, 601, 
Ophthalmic Optics, 1985, pages 76-87, are the elimination of 
ghost images due to multiple internal reflections and of 
disturbing reflection to the wearer and the external viewer. 
30 As a consequence, the aesthetic-cosmetic benefit to the wearer 
is that he or she not only sees better, but also looks better. 

The use of a single layer to form antiref lective coatings 
to reduce reflection losses and increase the transmission of 
optical glass and plastic systems is described in U.S. Patents 
35 5,116,644 and 5,198,267, and European Patent 0402473. The use 
of a two- or three -layered coating to produce antiref lective 
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surfaces has been described in U.S. Patents 5, 104 > 692 and 
5,173,368. In most cases, an smtireflective surface is 
prepared on an optical article by first coating the article 
with a hard coat and then applying the antiref lective layer, 
5 as described in U.S. Patent 4,904,525 and Japanese . Pa t:ent 
Application 60-88901. U.S. Patent 5,116,664 describes an 
antiref lective layer formed by coating a lens with a siloxane- 
containing hard coat solution having at least one oxide sol, 
hardening the coated solution to give a hard coat layer, and 

10 immersing the lens into an acidic or alkaline solution to 

dissolve the oxide particles contained in the hard coat layer 
so as to make the layer non-xinifom. 

Antiref lective coatings formed by the dissolution of 
coating components using various acids and bases may \indergo 

15 further dissolution during use of the coated article if it is 
exposed to acid rain or alkaline cleaning agents . Formation 
of antiref lective coatings using vacu\am deposition reqpiires 
costly equipment and precise control to meet exacting 
specifications. Consequently, there is a need for a cost 

20 effective process to produce diirable, antiref lective coatings. 

It has now been discovered that treatment of a duraJble 
transparent coating (hard coat) by the novel process of the 
present invention can produce a single*- layer, durable, 
transparent adherent antiref lective coating on an organic 

25 polymeric host material. When the process of the present 
invention is used to treat photochroraic articles coated with 
the novel coating composition of the present invention, there 
is provided the additional benefit of extended longevity of 
the organic photochromic substances used to achieve the 

30 photochromic effect. 

The novel coating composition of the present invention 
consists essentially of a mixture of certain 
organoalkoxysilane monomers, water- solxible polymer, nonionic 
surfactant (s ) , lower aliphatic alcohol solvent, water- solxible 

35 acid, and water. Tetraalkoxysilane{s) and fluorinated 
silane(s) may be present also in the coating composition. 
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This composition may be used to produce a singlF-layer, sol- 
gel, i.e., solution/gelation, durable, i.e., resistant to 
abrasion and chemicals, adherent, cured coating on organic — 
polymeric host materials using conventional coating 

5 technology. The coating composition of the present invention 
is sxabstantially free of colloidal oxide sols and the 
crosslinking agents formaldehyde and zirconyl nitrate. 

The novel process of the present invention comprises 
first forming a durable cured coating from either the 

10 aforesaid novel coating cottqDOsition or from coating 

con^jositions known in the* art to produce a durable, optically 
clear, cured coating, and which when said cured coating is 
treated with the process of the present invention results in a 
coating having a graded porosity. The process of the present 

15 invention ftirther comprises (a) treating the durable cured 
coating with hydrofluoric acid, with or without nitric acid, 
thereby to form a coating with graded porosity, i.e., a 
coating the porosity of which decreases from a point at the 
surf ace. of the coating to a point adjacent to the surface of 

20 the coated article, thereby providing a coated article with a 
refractive index gradient, (b) leaching acid from the surface 
of the treated coating with an aqueous alkaline agent, and (c) 
curing the treated coating. Transparent articles having a 
protective hard coating treated with the process of the 

25 present invention have a visible light transmission of greater 
than 98 percent with less than 0,5 percent haze. Also, these 
articles are antiref lective over a broad range of the visible 
spectrum, i.e., 400 "nanometers to 700 nanometers. 
Photochromic articles coated with the novel durable coating 

30 coitposition of the present invention and then having the 
resultant coating treated with the process of the present 
invention have less loss o.f photochromic performance compared 
to photochromic articles having a commercially available 
antiref lective coating applied to the article by vacuum 

35 deposition. 
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ng»tiailed nAfinr-Tpt^inn of the Invention 
The use of polyvinyl pyrolidone, polyvinyl alcohol, or 
hydrolyzed polyvinyl acetate, in combination with 
organoalkoxysi lanes, hydrolyzed polysilicic acid ester, or 

5 hydrolyzed metal lower alkoxide in protective coating 

compositions has been described. Specifically, U.S. Patent 
5,115,023 describes an abrasion resistant coating made by a 
condensation polymerization reaction of an organoalkoxysilane 
in the presence of polyvinyl pyrrol idone; U.S. Patent 

10 3,998,991 describes a coating cotr^osition that includes a 
trialkoxysilane that has epoxy functionality in combination 
with tetraalkoxysilane; and U.S. Patents 3,971,872 and 
4,120,992 claim a polysilicic acid ester of an alcohol 
containing from 1 to 12 carbon atoms, said ester having up to 

15 foxir silicic acid groups per silicon atom. The "992 patent 
includes a cross -linking agent, such as formaldehyde or 
zirconyl nitrate in the formulation. U.S. Patent 4,423,131 
describes an improved photoresponsive device containing as a 
protectant overcoating a top layer of a crosslinked 

20 polyvinylsilicate resxilting from the reaction of polysilicic 
acid with a polyvinyl alcohol having a number average 
molecular weight of from 10,000 to about 100,000. The 
polysilicic acid coit5>onent of the overcoating can be altered 
by the Ijydrolysis of trialkoxysilanes or the cohydrolysis of 

25 trialkoxysilane and a tetraalkoxysilane. U.S. Patent 

5,037,872 describes a protective overcoat composition a[hd 
photographic elements containing same comprising (a) a water- 
. soluble hydroxylated polymer, (b) hydrolyzed metal lower 
alkoxide or mixttires of such alkoxides, and (c) a fluoroalkyl 

30 polyether stirfactant. 

The prbcess of forming a protective hard coating on a 
substrate and treating the coating to provide an 
antiref lective layer has been described. U.S. Patent 
5,116,644 describes coating a plastic lens with a coating 

35 solution containing at least one colloidal oxide sol, silane 
coupling agent and epoxy resin; hardening the coating; and 
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itnmersing it in an aqueous solution of acidic or alkaline 
substance to dissolve the oxide particles in the hardcoat so 
that the refractive index of the coating in the direction of 
the thickness of the layer varies. 
5 The coating con^osition of the present invention is an 

aqueous composition consisting essentially of from about 20 -to 
sibout 70 weight percent, preferably 40 to 70 weight percent, 
and more preferably 50 to 60 weight percent, of a silane . 
monomer mixture (and hydrolysates thereof) * The silane 

10 monomer mixture comprises (i) a first silane monomer which is 
a glycidoxy{Ci-C3)alkyl(Ci-'C2)a alkyl(Ci-C2)b alkoxysilane 
monomer, wherein a is an integer selected from the group 
consisting of 0, 1, and 2 and b is an integer selected from 
the group consisting of 2 and 3, provided that b is 3 only 

15 when a is 0 or 1, and (ii) a second silane monomer having the 
general formula (X)c(Ci-C3)d alkyl(Ci-C3)e alkyl (R^) fSi4. 
(d+e+f ) , wherein X is selected from the group consisting of 
mercapto, amino, chloro, and methacryloxy, is C3L-C4 alkoxy 
or acetoxy, c and d are each the integers 0 or 1, e is the 

20 integer 1 or 2, and f is the integer 2 or 3, provided that the 
sxjm of d, e, and f is not greater than 4. The weight ratio in 
the silane monomer mixture of the first silane monomer to the 
second silane monomer may vary from about 1:5 to 1:20, 
preferably from about 1:8 to 1:12, and more preferably from 

25 about 1:8 to 1:10. 

Suitable silane monomers that may be used as the first 
silane monomer include glycidoxymethyltriethoxysilane, 
alpha-glycidoxyerhyltrimethoxysilane, alpha-glycidoxyethyl- 
trietho3qrsilane, beta-glycidoxyethyltrimethoxysilane, 

30 beta-glycidoxyethyltriethoxysilane, alpha-glycidoxy- 

propyltriraethoxysilane, alpha-glycidoxypropyltriethoxysilane, 
beta-glycidoxypropyltrimethoxysilane, beta-glycidoxypropyl- 
triethoxysilane , gamma-glycidoxypropyltrimethoxysilane , 
gamma-glycidoxypropylmethyldimethoxysilane , gamma-glycidoxy- 

35 propyldimethylethoxysilane, hydrolysates thereof, and mixtures 
! of such silane monomers. Preferably, the first silane monomer 

i k 



wo 95/16522 



PCT/US94/14013 



is selected from the group consisting of gamma -giycidoxy- 
propyltrimethoxysilane, gamma-glycidoxypropylmethyldimethoxy- • 
silauie, and gamma-glycidoxypropyldimethylethoxysilane, cuid 
more preferably is garama-glycidoxypropyltrimethoxysilane. 
5 Suitable silane monomers that may be used as the second 

silane monomer include methyl trimethoxysilane, methyl- 
trie thoxysi lane , methyltrimethoxyethoxysilane , methyltri - 
acetoxysilane, methyltripropoxysilane, methyl tributoxysi lane, 
ethyltrimethoxysilane, ethyltriethoxysilane, gamma-meth- 

10 acryloxypropyltrimethoxysilane, gamma -aminopropyl tri- 
methoxysilane, gamma-aminopropyltriethoxysilane, gamma-merr 
captopropyltrimethoxysilane , chloromethyltrimethoxysilane , 
chloromethytrietho>cysilane , dimethyl diethoxysilane , 
gamma-chioropropylmethyldimethoxysilane , gamma -chloropropyl - 

15 methyldiethoxysilane, hydrolysates thereof, and mixtures of 
such silane monomers. Preferably, the second silcuie monomer 
is selected from the group consisting of methyltrimethoxy- 
silane, methyl triethoxysilane, ethyl trimethoxysilane, and 
ethyl triethoxysilane, and more preferably it is methyltri- 

20 methoxysilane. 

Tetra(Ci-C4)alkoxysilanes may be present in the coating 
composition at a level of from about 0 to about 40 weight 
percent, preferably 0 to 20 weight percent. Suitable 
conpounds include tetramethoxysilane^ tetraethoxysilane, 

25 tetra-n-propoxysilane, tetra-n-butoxysilane , hydrolysates 
thereof, and mixtures of such silane monomers. Preferably, 
tetraethoxysilane is used. 

The coating composition may also contain from about 0 to 
abput 10 weight percent of fluorinated silane, preferably 0 to 

30 8 weight percent. The fluorinated silane, as used herein may 
be defined as substances having the general formula: 
F{CF2)gCH2CH2Si (CH3)hZ3-h' wherein 2 is chloro, methoxy or 
ethoxy, g is an integer selected from the integers 1 to 10, 
and h is the integer 0, 1 or 2; trif luoroacetoxypropyl tri- 

35 (03^-02) alkoxysilahes; 3- (heptaf luoroisopropoxy) propyltri- 

chlorosilane ; 3 - (heptaf luoroisopropoxy) propyl triethoxysilane ; 
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N- (3 - triethoxysilylpropyl) perf luorooctanoamide ; "or N- ( 3 - 
triethoxysilylpropyl) perf luoro (2 , 5-diinethyl-3 , 6-diox- 
anonanoyl ) aunide . 

The preferred fluorinated silane(s) are those sxibstances 
5 having the general formula: F(CF2)gCH2CH2Si (CH3)hZ3-h* Such 
siibstances include {tridecafluoro-l,l,2,2-tetrahydrooctyl) -i- 
dimethy Ichloros ilane , ( tridecaf luoro- 1,1,2,2- tetrahydrooc tyl ) - 
1-methyldichlorosilane, {tridecaf luoro-l, 1,2 , 2-tetrahydro- 
octyl) -l-trichlorosilane, tridecaf luoro-l, 1, 2 , 2-tetrahydro- 

10 octyl-l-triethoxysilane , 3,3 , 3- trif luoropropyldimethyl- 
chlorosilane , (3,3,3 - trif luoropropyl ) methydichlorosilane , 
(3,3, 3 -trif luoropropyl ) methyldimethoxys ilane , (3,3,3- tri - 
f luoropropyl) methyldimethoxysilane, (3 , 3 , 3-trif luoro- 
propyl ) trichlorosilane , (3,3,3 - trif luoropropyl ) trimethoxy- 

15 silane, IH, IH, 2H, 2H-perf luoroalkyltriethoxysilane, 

IH, IH, 2H, 2H-perf luorodecyldimethylchlorosilane, IH, IH, 2H, 2H- 
perf luorodecylraethyldichlorosilane, IH, IH, 2H, 2H-perf luoro- 
trichlorosilane, IH, IH, 2H,2H-perf luorotriethoxysilane, 
IH, IH, 2H, 2H-perf luorooctylmethyldichlorosilane, IH, IH, 2H, 2H- 

20 perf luorooctyl trichlorosilane, and IH, IH, 2H,2H-perfluoro- 
octyltriethoxysilane . 

Water-soluble organic polymer is present in the coating 
composition in amounts sufficient to bind and form the coating 
or film i^esulting from polycondensation of the various 

25 components of the coating composition, i.e., a binding aunount, 
which typically is at a level of from about 1 to about 8 
weight percent, preferably 1 to 6 weight percent. Suitsible 
water-sol\2ble polymers sire those polymers that have a 
solubility in water of at least about 1 to 10 weight percent 

30 at 25 Additionally, the water-soluble polymers are 

chemically conpat^ible %d.th the silane monomers in the coating 
conqposition, i.e., capable of forming siloxane 'organic hybrid 
polymers, optically clear, and mechanically strong, i.e., 
provide sufficient mechanical strength and integrity to the 

35 porous coating. 



wo 95/16522 



PCTAJS94yi4013 



-10- 

Water-soluble polymers that may be used include natural 
gums such as guar gums, locust bean gums, and xanthan gxims; 
hydroxyalkylcelluloses such as hydroxyethylcellulose and 
hydroxypropylcellulose, the synthesis and structure of which 
5 are described in U.S. Patents Nos. 3,278,521 and 4,661,589, 
which are herein incorporated by reference; cellulosic 
polymers such as carboxymethyl cellulose, methyl cellulose, 
and ethylmethyl cellulose; polyvinyls, polyvinyl maieic 
anhydride copolymers, polyvinyl alcohols, copolymers of 

10 polyvinyl alcohol cuid polyvinyl amine having up to 30 weight 
percent of polyvinyl amine, polyvinylamines, and polyvinyl 
pyrrolidones; polyacrylates and related systems such as 
polyacrylic acids, polymethacrylic acids, polyacrylamides, - 
polycarboxylates , and polyvinyl ethyl ether; polyimines and 

15 related systems such as polyethylenimine, polyethylene oxides, 
polyethylene glycols and mixtures of such water-soluble 
polymers . 

The preferred water-soluble polymers are polyvinyl 
alcohol, hydroxyethylcellulose and polyvinyl pyrrolidone, 

20 Suitable polyvinyl alcohols range in number average molecular 
weight from 3,000 to 150,000 and range from 72 to greater than 
99 percent hydrolyzed, preferably at least 87 percent 
hydrolyzed. Suitable hydroxyethylcelluose polymers range in 
number average molecular weight from 9,000 to 1,300,000 and 

25 rsuige in molar substitution from 1.5 to 3.5 as described in 
the Kirk-Qthmer Encyclopedia of Chemical Technology , 4th 
Edition, Volume 5, John Wiley and Sons, N,Y. (1993), pages 548 
to 551, the disclosure of which is herein incorporated by 
reference. Molar substitutions greater than or equal to 1.5 

30 produce a water-soluble hydroxyethylcellulose. Suitable 
polyvinyl pyrrolidones range in number average molecular 
weight from 10,000 to 360,000 and are described in the Kirk- 
Qthmer En cyclopedia of Chemical Technology. 3rd edition. 
Volume 23, pages 967 to 979, the disclosure of which is herein 

35 incorporated by reference. The water solubility of polyvinyl 



wo 95/16522 



PCT/US94/14013 



-11. 

pyrrplidone is limited only by the viscosity of the resulting 
solution. 

A leveling atnoiint of nonionic surfactant (s) is present as 
a component in the coating composition. A leveling amount is 
5 that amount which is sufficient to allow the coating to spread 
evenly or to level the coating composition on the surface of 
the organic polymeric host material to which it is applied, 
and provide uniform contact of the coating to the surface of 
the host material. Preferably, the nonionic surfactant is a 

10 liquid at the conditions of use and is used in amounts from 
about 0.05 to about 1.0 weight percent based on the amount of 
the silane monomer mixture. Suitable nonionic surfactants are 
described in the Kirk Othm ^r Rnryclopedia of Chemical 
Tenhnbloay . 3rd Edition, Volume 22, pages 360 to 377, the 

15 disclosure of which is incorporated herein by reference. 

More particularly, the nonionic surfactant may be 
selected from the group consisting of ethoxylates of primary, 
secondary and branched paraf f inic alcohols wherein the alcohol 
contains from about 6 to 20 carbon atoms and the average 

20 ntimber of ethoxy groups are from 1 to 20; alkyl phenol 

ethoxylates and dialkyl phenol ethoxylates wherein each of the 
alkyl substituents contains from about 6 to about 12 carbon 
atoms and the average number of ethoxy groups are from 1 to 
24; benzyl, propyleneoxy, butyleneoxy, phenoxy and C1-C4 

25 alkoxy capped alkyl phenol ethoxylates, wherein the average 
number of propyleneoxy or butyleneoxy groups is from 1 to 5.; 
glycerol esters of fatty acids containing from 6 to 24 carbon 
atoms; ethoxylates and propoxylates of fatty acids wherein the . 
fatty acids contain from 6 to 24 carbon atoms and the average 

30 number of ethoxy or propoxy groups is from 1 to 24; sorbitan 
fatty acid esters wherein the fatty acids contain from 6 to 24 
carbon atoms and ethoxylated sorbitan fatty acids esters 
wherein the average number of ethoxy groups is from about 3 to. 
20; fatty acid alkanolamides , such as fatty acid 

35 diethanoloamides, where the fatty acid contains from 6 to 24 
carbon atoms and the alkanolamide contains from 0 to 4 carbon 
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e.g., RN(R')R", wherein R is a group containing from about 6 
to 24 carbon atoms such as the residue of a fatty acid and R* 
and R" are each ethoxy or polyethoxy groups having an average 
5 of 1 to 6 ethoxy groups; block copolymers of ethylene oxide 
cind propylene oxide, e.g., ethoxylated polyoxypropylene 
glycols and propoxylated polyoxyethylene glycols; acetylenic 
diols and ethoxylated acetylenic diols; f luorosurf actants , 
i.e., a fluorocarbon containing organic, e.g., alkoxy, or 

10 inorganic, e.g., sixlfate, surface active and water 

solubilizing (polar) groups that orient the hydrophilic 
portion of the sxirfactemt in the aqueous phase; and capped 
nonionics represented by the formula R(OCH2CH2)nR» wherein R 
is to C20 linear or branched alkyl, R' is selected from 

15 halogen e.g.^ chloro, benzyl, phenoxy, to C4 alkoxy or - 
0(C^H2niO)pH wherein m is 3 or 4 and p is 1 to 5, and n denotes 
the average number of ethylene oxide units and is a whole or 
fractional niamber ranging from 3 to 20. 

Advantageoiisly , the nonionic surfactant is an ethoxylated 

20 alkyl phenol such as the IGEPAL® DM surfactants or octyl- 
phenoxypolyethoxyethanol (available as TRITON® X-100) , an 
acetylenic diol such as 2,4,7,9-tetramethyl-5-decyne-4,7-diol 
(available as SURFYNOL® 104), ethoxylated acetylenic diols, 
such as the SURFYNOL® 400 surfactant series, fluoro- 

25 surfactants, such as the FLUORAD® f luorochemical surfactant 
seriesf, and capped nonionics such as the benzyl capped octyl 
phenol ethoxylates (available as TRITON® CF87) , the propylene 
oxide capped alkyl ethoxylates, which are available as the 
PLURAFAC® RA series of surfactants, and octylphenoxyhexa- 

30 decylethoxy benzyl ether. 

Still more pcorticularly, the nonionic surfactant (s) may 
be selected from the group consisting of f luoroaliphatic 
polymeric esters, such as FLUORAD® FC-430, fluorinated alkyl 
polyoxyethylene ethanols, such as FLUORAD® FC-170-C, and 

35 fluorinated alkyl alkoxylates, such as as FLUORAD® FC-171. 
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A solvating amount of lower aliphatic alcohol solvent is 
present as a component in the coating composition. A 
solvating amount is that amoimt which is sufficient to 
soliibilize the silane monomers in the coating composition. 
5 The solvating amount may represent up to about 40 weight 
percent of the coating composition. The lower aliphatic 
alcohol solvent as used herein and in the claiins may be 
represented by the formula t(R^)iR^] j (Ci-C3)OH, wherein and 
R^ are each Cx-C2 alkoxy and i and j are each the integers 0 

10 or 1. Preferably, the solvent is a C1-C3 alkanol or an 

aliphatic alcohol of the formula [ (R^) iR^] j (C1-C3) OH/ wherein 
j is 1, and i is 0 or 1- Such solvents may be selected from 
the group consisting of methanol, ethauiol, propanol, 
2 -ethoxyethanol , 2 - { 2 -methoxyethoxy ) ethanol , 2 -me thoxyethanol , 

15 2- (2-ethoxymethoxy) ethanol , l-propanol, 2-propanol , and 

1 -me thoxy- 2 -propanol. Preferred solvents may be selected from 
the group consisting of methanol, 1-propanol, and 
1-methoxy- 2 -propanol. The most preferred solvent is methcuiol 
or 1 -propanol. 

20 The coating composition also contains a catalytic amoimt 

of a water-soliable acid. A catalytic amo\mt is that amount 
which is sufficient to result in the polycondensation of the 
silane monomers and their sxibsequent cross-linking with the 
water-soluble polymer. Typically, the catalytic amotant of 

25 acid may range from 0.01 to 10.0 weight percent of the coating 
composition. The water-soluble acid may be an organic 
carboxylic aicid or inorganic acid selected from the group 
consisting of acetic, formic, glutaric, maleic, nitric, 
hydrochloric, phpsphoric, hydrofluoric, and milfuric acid. 

30 Preferablyr the acid is acetic acid. Water is also present in 
the coating composition in an amount sufficient to form 
hydrolysates of the silane monomers and to solubilize the 
water- solisble polymer conponent and the catalytic amount of 
water-soluble acid. The sum of all of the components of the 

35 coating composition totals 100 weight percent. 
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The coating composition of the present invention may be 
prepared by adding a catalytic amount of acid to a solution of 
the water-soluble polymer. In a separate container, all of 
the silane , monomers are mixed. The silane monomer mixture 
5 includes the first and second silane monomers and may include 
tetra{Ci-C4) alkoxysilanes and fluorinated silanes. The 
silane monomer mixture is added to the water-soluble 
polymer/acid solution and stirred. To this mixture is added a 
splvating amount of lower aliphatic alcohol solvent and a 

10 leveling amount of nonionic svirfactant. The resulting mixture 
is stirred and maintained either at about 60**C for l to 2 hours 
or at room temperature for about 16 hours. Prior to use as a 
coating con?)Osition, the mixture is filtered through a 
suitable filter, such as a Whatman 934-AH filter. After 

15 forming the hydrolyzed coating coii5>osition, the pH is adjusted 
to from about 4 to 5 with a base. Suitable bases include 
ammonia, sodium hydroxide and tetra{Ci-C4) alkyl ammonium 
hydroxide. 

The process of producing a durable, cured antireflective 

20 coating on an organic polymeric host starts with coating at 
least one side of the organic polymeric host material with 
either the coating composition of the present invention, or 
with a conventional dxirable coating composition known in the 
art. Typical conventional durable coating compositions 

25 contain hydrolyzed lower alkoxides and also may contain metal 
alkoxides. Suitable lower alkoxides include tetraethyl- 
orthosilicate, tetrabutylorthosilicate, tetraethylortho- 
titanate, tetrabutylorthotitanite, methyl triethoxysilane and 
methyl triethylorthotitanate. The alkoxides of metals such as 

30 germanium, aluminum, zirconium, boron and tin may also be 
enployed in the durable coating composition. Such coating 
compositions when cxired are optically clear, durable, i.e., 
resistant to abrasion arid chemicals, and capable of forming a 
surface having a graded porosity. 

35 The coating composition may be applied to the surface of 

the host material using a coating process such as that 
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described in U.S. Patent 3,971,872, the disclosure of vhich is 
incorporated herein by reference. Any suitable conventional 
coating method may be used. * Conventional coating methods 
include flow coating, dip coating, spin coating, roll coating, 
5 curtain coating and spray coating. Application of the coating 
is typically done in an environment that is substantially free 
of dxist. 

It is well ]cnown in the eirt that preparation of t:he 
surface of the organic polymeric host material prior to 

10 coating is necessary for the purpose of cleaning the surface 
and promoting adhesion. Effective measures may include 
ultrasonic cleatning; washing with an aqueous mixture of 
solvent, e.g., a 50:50 mixture of isopropanol: water or 
ethanol : water ; activated gas treatment , e.g., treatment with 

IS low tenperature plasma or corona discharge, and chemical 

treatment such as hydroxylation, i.e., etching of the surface 
with an aqueous solution of alkali, e.g., sodium hydroxide or 
potassitim hydroxide that may also contain a f luorosxirf actant . 
See U.S. Patent 3,971,872, column 3, lines 13 to 25; U.S. 

20 Patent 4,904,525, column 6, lines 10 to 48; and U.S. Patent 
5,104,692, column 13, lines 10 to 59, which disclosures are 
incorporated herein by reference. 

Following application of the coating con5)osition to the 
surface of the host material, the coating is dried and cured. 

25 The coating may be dried at ambient temperatures or 

temperatiires above ambient but below cviring temperatures, 
e.g., up to about B0*C. Afterwards, the dried coated host is 
heated to a tenperature of between about SO^'C and 13 0^*0 for a* 
period of about 1 to 16 hours in order to cure the coating. 

30 Khile a range of temperatures has been provided for drying and 
curing the coated organic polymeric host, it will.be 
recognized by persons skilled in the art that teraperattires 
other than those disclosed herein may be used. Additional 
methods for curing the coating include irradiating the coating 

35 with infrared, ultraviolet, gamma or electron radiation so as 



wo 95/16522 



PCTAJS94/14013 



-16- -^iMimiw 

to promote the polymerization reaction of the polymerizable 
components in the coating. 

The process of the present invention comprises treating _ 
the durable, ciired coating with an aqueous acidic solution 

5 comprising from about 0.5 to 3.0 weight percent hydrofluoric 
acid and from about 0 to 1.0 weight percent nitric acid. The 
aqueous acidic solution may also contain and preferably 
contains a f luorpsurfactant in an amount sufficient to provide 
xiniform contact of the aqueous acidic solution with the 

10 surface of the coating i.e., a leveling amount. This 

treatment step is conducted for a time sufficient to produce a 
coating having a refractive index gradient within the coating - 
The time required for this treatment step may range from about 
3 minutes to about 3 hours. 

15 In the next step of the process, the treated coating, 

which has been first rinsed with water, is contacted with an 
aqueo\is alkaline leaching solution for a time sufficient to 
remove residual acid remaining on the coated surface. The 
time required for this treatment step ranges from about 3 

20 minutes to about 1 hour. The aqueous alkaline leaching 
solution typically contains from about 0.05 to 0.15 weight 
percent of an alkaline reagent, which preferably is a 
tetra(Ci-C4)alkyl ammonixim hydroxide, e.g., tetramethyl- 
ammonium' hydroxide, tetraethylaramonium hydroxide, 

25 tetrapropylammonitim hydroxide or tetrabutylammonium hydroxide . . 
The aqueous leaching solution may also contain a 
fluorosxirfactant, which preferably is the fluorinated 
alkylpolyoxyethylene ethanol, FLUORAD® FC 170-C, which 
material has the reported CAS No. 29117-08-6 and the molecxilar 

30 formula C8Fi7S02N(C2Hs) {CH2CH2O) 14O. 

The final step of the process is drying and curing the 
coating after the aqueous alkaline leaching solution treated 
coating is rinsed with water. Drying and curing are done in 
the same manner as previously stated with respect to the 

35 durable coating con?)osition. During this step, 

polycondensation of the Si-OH groups to Si-O-Si groups occurs 
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in coatings containing such groups, thereby further, improving 
the resistance of the coating to abrasion and chemicals. The 
use of the leaching step plus- the final drying and curing step 
has produced durable, antiref lective coatings that are more 
5 adherent and have less haze and greater visible light: 

transmission thsua coatings produced using the same process 
without these two steps. 

The surfaces of photochromic articles , i.e., articles 
containing photochromic aunotmts of oirganic photochromic 

10 compounds, are also suitable for application of a durable 

cured coating and the durable cured antiref lective coating of 
the present invention. Photochromic compoxinds that may be 
utilized to prepare photochromic articles of the present 
invention, such as those heretofore described, are organic 

15 photochromic compounds or substances containing same that may 
be incorporated, e.g., dissolved or dispersed, in the organic 
polymeric host material Used to prepare the photochromic 
articles . 

A first group of organic photochromic substances • 

20 contemplated for use to form the photochromic articles of the 
prsent invention are those having an activated absorption 
maximum within the visible range of greater than 590 
nanometers, e.g., between about greater than 590 to 700 
nanomete2;s. These materials typically exhibit a blue, 

25 blueish-green, or blueish-pxirple color when exposed to 

ultraviolet light in an appropriate solvent or matrix. Many 
of such compounds are described in the open literatxire. 

For example, 6piro(indoline)naphthoxazines have been 
described, among others, in U.S. Patent Nos. 3,562,172; 

30 3,576,602; 4,215,010 and 4,342,668. Spiro(indoline)naphthoxa- 
zines having certain substituents at the 8* and 9< positions 
of the naphthoxazine portion of the molecule are the subject 
of co-pending U.S. Patent Application Serial No. 07/993,587, 
filed December 21, 1992. Spiro(indoline}pyridobenzoxazines 

35 are described in U.S* Patent 4,637,698. Spiro{benzindoline) - 
pyrldo benzoxazines and spiro(benzindoline)naphthoxazines are 
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described in U.S. Patent 4,931,219. Spiro(benzindoline) - 
naphthopyrans are described in Japanese Patent Publication 
62/195383. Spiro (indoline) -benzoxazines are described in U.S, 
Patent 4,816,584." Spiro(indoline)ben2opyranS; spiro- 
5 (indoline) naphthopyrans and spiro(indoline)c[uinoyprans are 
described, for exan^ile, in U.S. 4,880,667. Benzopyrans and 
naphthopyrans having a nitrogen-containing substituent at the 
2-ppsition of the pyran ring are described in U.S* Patent 
4,818,096. Spiro (indoline) pyrans are also described in the 

10 text. Techniques of Chemistry. Volume III, "Photochromism, " 
Chapter 3, Glenn H. Brown, Editor, John Wiley and Sons, Inc., 
New York, 1971. 

A second group of organic photochromic substances 
contemplated for use to form the photochromic articles of the 

15 present invention are those having at least one absorption 
maxima, within the visible range of between about 400 and less 
than 500 nanometers. These materials typically exhibit a 
yellow/orange color when ejqposed to ultraviolet light in an 
appropriate solvent or matrix. Such conqpounds include certain 

20 chromenes, i.e., benzopyrans and naphthopyrans. Many of such 
chromenes are described in the open literature, e.g., U.S. 
Patents 3,567,605; 4,826,977 and 5,066,818. 

Examples of benzopyrans and naphthopyrans having a spiro 
adamantane group attached to the pyran ring are described in 

25 U.S. Patent 4,826,977. Naphthopyrans, i.e., t3H-2,l-b 

naphthopyrans] , having at least one ortho-s\abstituted phenyl 
substituent at the 3 -position of the pyran ring are described 
in U.S. Patent 5,066,818. Naphthopyran compounds having 
certain substituents at the nuxiiber 8 carbon atom and certain 

30 substituents at the number 7 or number 9 carbon atom, all 

substituents being on the naphtho portion of the naphthopyran, 
are the subject of co-pending U.S. Patent Application Serial 
No. 08/080,246 filed June 21, 1993. Naphthopyrans substituted 
on the pyran ring with (i) an aryl substituent and (ii) a 

35 phenyl substituent having a 5- or 6 -member heterocyclic ring 
fused at the number 3 and 4 carbon atoms of the phenyl 
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substituent are the subject of co-pending U,S. Patent 
Application Serial No. 08/080,250 filed June 21, 1993, 
Naphthopyran compoimds substitued at the number 8 carbon atom" 
on the naphtho portion of the naphthopyran ring, with for 
5 exan5>le, a methoxy group, are the subject of U.S. Patent 

5,238,981. Naphthopyran compounds, examples of which are 3- 
aryl-3-arylalkenyl naphthopyrans , are the subject of co- 
pending U.S. Patent Application Serial No, . 07/954,630, filed 
September 30, 1992. 

10 A third group of organic photochromic substances that may 

be used to form the photochromic articles of the present 
invention are those having an absorption maximum within the 
visible range of between about 400 to about 500 nanometers and 
another absorption maximum within the visible range of between 

15 £d30ut 500 to about 700 nanometers. These materials typically 
exhibit color (s) ranging from yellow/brown to purple/grey when 
exposed to ultraviolet light in an appropriate solvent on 
matrix. Examples of these substances include certain 
benzopyran compounds, having substituents at the 2 -position of 

20 the pyran ring and a substituted or unsubstituted heterocyclic 
ring, such as a benzothieno or benzofurano ring, fused to the 
benz portion of the benzopyran. Such materials are the 
sxibject of co-pending U.S. Patent Application Serial No. 
08/030,932, filed March 12, 1993. 

25 The dislosures of such photochromic confounds in the 

aforedescribed patents and patent applications are 
incorporated herein, in toto, by reference. The photochromic 
articles of the present invention may contain one photochromic 
conpound or mixture of photochromic con5)oimds, .as desired. 

30 Mixtiires of photochromic compounds may be xised to attain 

certain activated, colors such as a near neutral grey or brown. 

The organic photochromic substances of the second 
contemplated group described herein, i.e., those that color to 
yellow/orange may be combined with or used in conjunction with 

35 the first group of photochromic substances that color 

purple/blue, e.g., the spirooxazine-type compounds, or both 
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may be combined with or used in conjunction with the third 
group of organic photochromic substances described that color 
from yellow/brown to purple/grey. Each of the photochromic 
substances described herein may be used in amoiants and in a 
5 ratio such that an organic polymeric host material to which 
the mixture of compounds is applied or in which they are 
incorporated exhibits a desired resultant color, e.g., a 
s\ibstantially neutral color, such as shades of gray or brown, 
when activated with tmfiltered sunlight, i.e., as near a 

10 neutral color, as possible given the colors of the activated 
photochromic compounds. The relative amounts of the aforesaid 
photochromic con^oiinds used will vary and depend in part upon 
the relative intensities of the color of the activated species 
of such compounds, and the ultimate color desired. Generally, 

15 the weight ratio of the aforedescribed organic photochromic 
substance combination, i.e., (first to second), (first to 
third), and (second to third), will vary from about 1:3 to 
about 3:1, e.g., between about 0.75:1 and about 2:1. The 
combination of the first, second and third organic 

20 photochromic substances may have a weight ratio that will vary 
from about 1:3:1 to 3:1:3. 

A near neutral gray color exhibits a spectrum that has 
relatively equal absorption in the visible range between 400 
and 700 nanometers, e.g., between 440 and 660 nanometers, A 

25 near neutral brown color exhibits a spectmm in which the 

absorption in the 400-550 nanometer range is moderately larger 
than in the 550-700 nanometer range. An alternative way of 
describing color is in terms of its chromaticity coordinates,- 
which describe the qualities of a color in addition to its 

30 luminance factor, i.e., its chromaticity. In the CIB system, 
the chromaticity coordinates are obtained by taking. the ratios 
of the tristimulus values to their sum, e.g., xeX/(X+Y+Z) and 
y=Y/(X+Y+Z) . Color as described in the CIE system can be 
plotted on a chromaticity diagram, usually a plot of the 

35 chromaticity coordinates x and y. See pages 47-52 of 

Pringiplefl of Color Teehnology. by F. W. , Billmeyer, Jr., and 
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Max Saltzman, Second Edition, John Wiley and Sons— N.Y. 
(1981) . As used in the specification, a near neutral color is 
one in which the chromaticity coordinate values of "x" eind "y" 
for the color are within the following ranges (D65 
5 illuminant) : x « 0.260 to 0.400, y « 0.280 to 0.400 following 
activation to 40 percent luminous transmission by exposiire to 
solar radiation (Air Mass 1 or 2) . 

The photochromic compositions of the present invention 
may be applied to or incorporated into a host material by 

10 various methods described in the art. Such methods include 
dissolving or dispersing the substance within the host 
material, e.g., imbibition of the photochromic substance into 
the host material by immersion of the host material in a hot 
solution of the photochromic substance or by thermal transfer; 

15 providing the photochromic substance as a separate layer 

between adjacent layers of the host material, e.g., as a part 
of a polymer film; and applying the photochromic substance, as 
part of a coating placed on the s\irface of the host material. 
The term "imbibition" or "imbibe" is intended to mean and 

20 include permeation of the photochromic substance alone into 

the host material, solvent assisted transfer absorption of the 
photochromic substance into a porous polymer, vapor phase 
transfer, and other such transfer mechanisms. 

Con^atible (chemically and color-wise) tints, i.e., dyes, 

25 may be applied to the host material to achieve a more 
aesthetic result, for medical reasons, or for reasons of 
fashion. The particular dye selected will vary and depend on 
the aforesaid need and result to be achieved. In one 
embodiment, the dye may be selected to compliment the color 

30 resiilting from the activated photochromic substances, e*g.« to 
achieve a more neutral color or absorb a particular wavelength 
of incident light. In another embodiment, the dye may be 
selected to provide a desired hue to the host matrix when the 
photochromic substance (s) is in an tmactiyated state. 

35 The organic polymeric host material will usually be 

transparent, but may be translucent or even opaque. The 
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polymeric product for photochromic articles need only be 
transparent to that portion of the electromagnetic spectrum, 
which activates the photochromic substances, i.e., that 
wavelength of ultraviolet (UV) light that produces the open 
5 form of the stibstance and that portion of the visible spectrum 
that includes the absorption maximum wavelength of the 
substance in its UV activated form, i.e., the open form. 
Further, the resin color should not be such that it masks the 
color of the activated form of the photochromic substance, 

10 i.e., so the change in color is readily apparent to the 

observer. Preferably, the host material article is a solid 
transparent or optically clear material, e.g., materials 
suitable for optical applications, such as piano and vision 
correcting ophthalmic lenses, windows, automotive 

IS transparencies, e.g., windshields, aircraft transparencies, 
plastic sheeting, polymeric films, etc. 

Examples of organic polymeric host materials which may be 
suitable for application of the diurable cured coating and the 
durable, antireflective coired coating described herein 

20 include : polymers , i.e., homopolymers and copolymers , of 
polyol (allyl carbonate) monomers, polymers, i.e., 
homopolymers and copolymers, of polyfunctional acrylate 
monomers, polyacrylates , poly(alkylacrylates) such as a 
poly (methyl methacrylate) , cellulose acetate, cellulose 

25 triacetate, cellulose acetate propionate, cellulose acetate 
butyrate, poly (vinyl acetate), poly (vinyl alcohol), poly (vinyl 
chloride), poly (vinyl idene chloride), polyurethanes , 
polycarbonates, polyesters, poly (ethylene terephthalate) , 
polystyrene, copoly(styrene -methyl methacrylates) 

30 copoly(styrene-acrylonitrile) , polyvinylbutyral and polymers, 
i.e., homopolymers and copolymers, of diallylidene 
pentaerythritol, particularly copolymers with polyol (allyl 
carbonate) tnonoraers, e.g., diethylene glycol bis (allyl 
carbonate), and acrylate monomers. 

35 Transpaurent copolymers and blends of traoisparent polymers 

are suitable as host materials. Preferably, the host material 
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is an optically clear polymerized organic material prepared 
from a polycarbonate resin, such as the carbonate -linked resin 
derived from bisphenol A and phosgene, which is sold under the"" 
trademark LEXAN; a polyester, such as the material sold \inder 
5 the trademark MYLAR; a poly {methyl methacrylate) , such as the 
material sold under the trademark PLEXIGLAS; polymerizates of 
a polyoKallyl carbonate) monomer, especially diethylene 
glycol bis{allyl carbonate), which monomer is sold under the 
trademark CR-39, and polymerizates of copolymers of a polyol 

10 (allyl carbonate), e.g., diethylene glycol bis{allyl 

carbonate), with other copolymerizable monomeric materials, 
such as copolymers with vinyl acetate, e.g., copolymers of 
from 80-90 percent diethylene glycol bis (allyl carbonate) and 
10-20 percent vinyl acetate, particularly 80-85 percent of the 

15 bis (allyl carbonate) and 15-20 percent vinyl acetate, and 
copolymers with a polyurethane having terminal diacrylate 
functionality, as described in U.S. Patent 4,360,653 and 
4,994,208; and copolymers with aliphatic urethanes, the 
terminal portion of which contain allyl or acrylyl functional 

20 groups as described in U.S. Patent 5,200,485; cellulose 

acetate, cellulose propionate, cellulose butyrate, cellulose 
acetate butyrate, polystyrene and copolymers of styrene with 
methyl methacrylate, vinyl acetate and acrylonitrile. 

The -organic polymeric host material may be in the form of 

25 optical elements such as windows, piano and vision correcting 
ophthalmic lenses, exterior viewing sinrfaces of liquid crystal 
displays, cathode ray tubes e.g., video display tubes for 
televisions and coii?)uter6, clear polymeric films, automotive 
transparencies, e.g., windshields, aircraft transparencies, 

30 plastic sheeting, etc, implication of the antiref lective 
coating to a polymeric film referred to as an "applique" may 
be accomplished using the .methods described in column 17 line 
28 to column 18 line 57 of U.S. Patent 5,198,267, which 
disclostire is herein incorporated by reference. 
.35 The amoxint of photochromic substance or composition 

containing same applied to or incorporated into the host 
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material is not critical provided that a sufficient amount is 
used to produce a photochromic effect discernible to the naked 
eye upon activation. Generally, such amount can be described" 
as a photochromic amount. The particular cunount used depends 
5 often upon the intensity of color desired upon irradiation 
thereof and upon the method used to incorporate or apply the 
photochromic substances. Typically, the more photochromic 
substance applied or incorporated, the greater is the color 
intensity- Generally, the amount of total photochromic 

10 substance incorporated into or applied to a photochromic 

optical host material may range from about 0.15 to about 0.35 
milligrams per square centimeter of surface to which the 
photochromic substance (s) is incorporated or applied. 

The present invention is more particularly described in 

15 the follovring exan^jles, which are intended as illustrative 

only, since numerous modifications and variations therein will 
be apparent to those skilled in the art. 

Exarnple 1 

20 Step 1 

Polyvinyl alcohol (PVA) , 87 to 89 percent hydrolyzed (40 
grams) , having a number average molecular weight of 
approximately 150,000 was added to a reaction flask containing 
760 grams of distilled water maintained at 95**C. The mixture 
25 was stirred xintil the PVA was completely dissolved yielding a 
5 weight percent PVA solution. 

Step 2 

180 grams of the 5 weight percent PVA solution from Step 
1 was added to a reaction flask containing glacial acetic acid 

30 (24 grams) and stirred. A mixture of methyltrimethoxysilane 
(180 grams) and gamma -glycidoxypropyltrimethoxysilane (18 . 
grams) was added to the flask. After stirring five minutes, 
methanol (30 grams) was added and the mixture was stirred for 
18 hours at room temperature. FLUORAD® PC- 430 

35 fluoroaliphatic polymeric ester nonionic surfactant (1.12 

grams) was added to the flask and the solution was stirred 30 
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minutes. The solution was filtered through a Whatman 934-AH 
filter prior to use as a coating composition. 

Example 2 

5 200 grams of the final product of Example 1 was diluted 

with a mixture of ethanol (100 grams) and water (100 grams) . 
The resulting solution was stirred and filtered prior to use 
as a coating composition. 

10 Example 3 

Twenty- four grams of glacial acetic acid was adcLed to a 
reaction flask containing 180 grams of the 5 weight percent 
PVA solution from Step. 1 of Exan5)le 1, and stirred, A mixtxire 
of methyltrimethoxysilane (162 grams), garama-glycidoxypropyl- 

15 trimethoxysilane (40 grams), and 3,3, 3-trif luoropropyltri- 
methoxysilane (16 grams) was added. After stirring for 5 
minutes, 40 grams of methanol was added and the mixture was 
stirred for 90 minutes while being maintained at 60*C. The 
solution was cooled to room temperature; 1.12 grams of 

20 FLUORAD® FC-430 f luoroaliphatic polymeric ester surfactant was 
added to the solution; and the solution was stirred for 30 
minutes. The solution was filtered prior to use as a coating 
composition. 

25 Example 4 

To a reaction flask was added 180 grams of 
methyltrimethoxyBilane, 18 grams of garama-glycidoxy^ 
propyltrimethoxysilane, 10 grams of tetraethylorthosilicate, 
200 grams of the 5 weight percent PVA solution . from Step 1 of 

30 Exanple 1, 30 grams of glacial acetic acid and 36 grams of 
methanol. The solution was stirred for one hoxxr while being 
maintained at 60®C. FLUORAD® FC-430 f luoroaliphatic polymeric 
ester surfactant (1.2 grams) was added to the reaction mixtxire 
which was then cooled to ambient temperature euid stirred for 

35 16 hours. The solution was filtered prior to use as a coating 
composition. 
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Example 5 

step 1 

Hydroxyethyl cellulose (20 grains) having a number average 
5 molecular weight within the range of 50,000 to 100,000 

(CAS No. 9004-62-0; availsible from Aldrich Chemical Products), 
was added to a reaction flask containing 980 grams of 
distilled water maintained at 95 •C. The mixture was stirred 
until completely dissolved yielding a 2 weight percent 
10 hydroxyethyl cellulose solution. 

step 2 

To a reaction flask was added 90 grams of the product 
prepared in Step 1, 14 grams of glacial acetic acid, 90 grams 

15 of methyltrimethoxysilane, 9 grams of gamma-glycidoxy- 
propyltrimethoxysilane, and 15 grams of methanol. The 
contents of the reaction flask were heated to and maintained 
at 60 •C and stirred for one and one-half hours, then cooled to 
room temperature and stirred for 16 hoiirs. The solution was 

20 filtered prior to use as a coating composition. 

romparative Example 
The coating composition for forming fluorine- containing 
organopoiysiloxane films described in Example l of U.S. Patent 

25 4,904,525 was duplicated as follows: methyltrimethoxysilane 
(9.8 grams) and 3,3,3-trifluoropropyltrimethoxysilane (7.0 
grams) were added to a reaction flask and stirred. The 
reaction mixture was cooled to 10**C and. 5. 6 grams of 0.01 N 
aqueous hydrochloric acid was added dropwise while stirring. 

30 After adding the hydrochloric acid, the reaction flask was 
warmed to room tenqperature . The following chemicals were 
added subsecjuently to the reaction flask and stirred to 
produce the final product: n-propanol (112 grams); distilled 
water (48 grams) ; ethyl CELLOSOLVE® (ethylene glycol diethyl 

35 ether, 15 grams) ; 2 grams of a 5 weight percent 
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silicone-based, nonionic surface active agent in n-propanol 
(available as SILWET® L-S64) ; and aluminum acetyll^etonate 
(0.48 grams) . 

ExampIP fi 

Part ft 

Test samples of square polymerizates and piano lenses 
prepared from CR-39® diethylene glycol bis (allyl carbonate) 
monomer were cleaned ultrasonically for ten minutes and then 
etched in a 15 weight percent aqueous sodium hydroxide 
solution for 12 to 20 minutes at room ten^jerature . The square 
polymerizates measured 1/8 inch (0.3 centimeters) x 2 inches 
(5.1 centimeters) x 2 inches (5.1 centimeters). The test 
samples to be coated with the coating con5)osition of Exan^jle 1 
were etched in a 15 weight percent aqueous sodium hydroxide 
solution that contained 0.05 weight percent FLUORAD® PC-170-C 
fluorinated alkylpolyoxyethylene ethanol.' Afterwards, the 
test san5)les were rinsed first with water and then rinsed with 
a 50:50 mixture of ethanol : water or isopropanol: water and air 
dried. The coating compositions of Exanples 1 through 4 were 
applied on the test samples by dip coating. The withdraw rate 
used was approximately 8 to 10 centimeters per minute for the 
coating contposition of Exan^jle 1 and approximately is 
centimeters per minute for Examples 2, 3 and 4. Afterwards, 
the coated test samples (except the test sample coated with 
Example 2, which was dried at 60 'C for 30 minutes) were dried 
at room temperature for 30 minutes and then cured in an 
air-circulating oven at the teraperatxares and time intervals 
listed in Table 1. 

The test samples coated with the coti^jositions of Exan?)le 
2 through 4 were treated with an aqueous i.s weight percent 
hydrofluoric acid solution for 35 minutes. The' test sample 
coated with the coating con^josition of Example i was treated 
with a 1.5 weight percent hydrofluoric acid solution that 
contained 0.06 weight percent FLUORAD® FC-170-C fluorinated 
alkylpolyoxyethylene ethanol. After this treatment, the 
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coated test samples were rinsed with water and all of the 
saii5>les, except the sample coated with the coating composition 
of Example 1, were treated with an aqueous leaching solution 
of 0.1 weight percent tetramethylaramonium hydroxide. The test 
sanple coated with the coating composition of Example l was 
treated with an aqueous leaching solution that also contained 
0.05 weight percent FLUORAD® FC-170-C fluorinated 
alkylpolyoxyethylene ethanol. All of the test samples were 
subsequently rinsed with water and dried in an air stream. 
The treated test samples coated with the coating composition 
of Examples 2 through 4 were cured in an oven maintained at 95® 
C for one hour and the san^le coated with the coating 
con5>osition of Example 1 was cured at 95 *C for two hours. 

Test samples coated with the coating conposition of 
Exanple 5 were prepared and processed in the Scune manner as 
the test sazcples coated with the coating composition of 
Examples 2 through 4 above except that they were etched in 20 
weight percent aqueous sodium hydroxide maintained at 60 *C for 
40 minutes and treated with 1.0 weight percent hydrofluoric 
acid for one hour at rooiii temperature. The test squares coated 
with the coating cotiposition of Exanple 5 were examined 
visually. The resulting coating demonstrated an 
antireflective effect on comparison with an \incoated test 
square. 

Part B 

Abrasion resistance of the coated and treated test 
saxnples prepared in Part A was determined using ASTM Test 
Method F73S-81. The test samples were exposed to 600 cycles 
of oscillation in the ASTM Test Method. The Bayer Abrasion 
Resistance Index (BARI) , listed in Table 1, was calculated by 
dividing the percent haze of an uncoated test saitple made of a 
homopolymer prepared from CR-39® monomer by the percent haze 
of the coated test sample. The resulting niunber is an 
indication of how much more abrasion resistant the coated test 
sait5)le is as compared to the uncoated test square. The haze 
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and transmission results before and after abrasion testing 
were measured with a Hunter Lab Model DP25P Colorimeter. 

Adhesion of the antiref lective coating on the test lenses 
was measured using the cross-hatch peel test, A criss-cross 
pattern (grid) was scribed on the coating surface, 3M Scotch 
Tape #600 was pressed firmly against the grid area and then 
removed in one quick motion. The results of this test were 
measured as either pass or fail. Samples that passed the 
cross-hatched peel test were immersed and held in boiling 
water for one hoixr to "age" the coated sample. After cooling 
to room temperature, the grid area was rates ted with the 
cross-hatch peel. Results reported in Table l are for samples 
that have landergone "aged" adhesion testing. The thickness of 
the coating on the test lenses was determined by transmission 
electron microscopy. (TEM) analysis of a cross-sectional 
section of the coated test samples that had a thickness of 
approximately 1000 Angstroms. The results are listed in Table 
1. 

Part q 

Transitions® Plus lens blanks, a photochromic plastic 
lens blank reported to be prepared from a polymerizate of a 
polyol (allyl carbonate) composition, which are sold by 
Transitions Optical Cott?>any, were coated with the coating 
composition of Exan?>le 1. The lens blanks were cleaned and 
processed according to the procedure of Part A used to prepare 
test samples coated with the coating composition of Example 1. 

A second set of Transitions® Plus lens blanks were coated 
by Reflection Free a division of Essilor of America, with the 
commercially available antireflective (AR) coating sold as 
Reflection Free® Pliis. This coating is a vacuum deposited AR 
coating. 

According to the American National Standards Institute 
(ANSI) ZBO. 1*1987, an ophthalmic lens should not be damaged 
when siibjected to a minimum impact force of 0.15 foot pounds. 
This force results when a 5/8 inch diameter steel ball is 



PCT/US94/14013 



wo 95/16522 



PCT/US94/14013 



.30- ^Sl^J - 

dropped 50 inches onto a lens. Impact testing on.-Transitions® 
Plus lens blanks coated with the coating composition from 
Example 1 and processed as described in Part A of this 
Example, and Transitions® Plus lens blanks coated with the 
Reflection Free® Plus coating was performed on an instrument 
similar to the American Optical instrument described in U.S. 
Patent 3,896,657. This instrument is considered a gravity 
accelerator and enables quantification of the force in foot 
poxinds necessary to damage the lens. Results in foot potinds 
necessary to cause any damage to the coated lenses are listed 
in Table 2. 

The percent loss of photochromic performance at 480 and 
620 nanometer wavelengths for uncoated Transitions® Plus lens 
blanks, blanks coated with the coating composition of Exan5>le 
1, and blanks coated with Reflection Free® Plus coating 
described above was determined using an optical bench. The 
bench was moxmted with a 300 watt Xenon arc Isunp operated at 
about 200 watts, a remote controled shutter, a Schott WG 320 
nm cut-off filter which removes short wave length radiation; 
neutral density filter (s) and a constant temperature water 
bath in which the sample to be tested was immersed. Before 
testing on the optical bench,; the lenses were escposed to 365 
nanometer ultraviolet light for 15 minutes to activate the 
photochropic compoxmds and then placed into an oven maintained 
at le^'C for 15 minutes to inactivate or bleach the photochromic 
compounds. The lenses were cooled to room tenperature, 
exposed to fluorescent room light for at least 2 hours and 
then kiept in the dark for at least 2 hotirs. Afterwards, the 
lenses were placed in a water bath maintained at 22.2*C on the 
optical bench and illuminated for 10 minutes. During this 
time period, a collimated beam of light from a tungsten lamp 
was passed through the sample at a small angle to the normal 
of the sair5)le. After the light frCm the txingsten lamp passed 
through the test sample, it was directed to a 50/50 beam 
splitter that sent half of the light to separate silicon photo 
detectors that measured 480 nm and 620 nm light, respectively. 
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The output signals from the detectors were, processed by a 
radiometer which delivered data to a computer. The change in 
optical density (AOD). over the 10-minute interval was measured 
for the coated and uncoated photochromic lens blanks. The 
difference in optical density between the coated and the 
xmcoated photochromic lens blanks was divided by the optical 
density for the imcoated sample and multiplied by 100 to give 
the percent loss of photochromic performsuice listed in Table 
2. 

Resistance to chemical attack was determined for test 
lenses coated with the composition of Example 1 and treated as 
described in Part A of this Exan5>le. This was done by soaking 
a test lens in either water maintained at 95**C for two hours, 
or in ethanol, isopropanol or acetone for 30 minutes at room 
temperature. If the coating on the lens showed no evidence of 
peeling, flaking or blistering after removal from the-- test 
liquid, the lens was considered to have passed the test. The 
results are listed in Table 2. . 

Piano lenses made of a homopolymer prepared from CR-39® 
monomer were coated with the coating composition of Example 1 
and processed in accordance with the procedure of Part A of 
this Example that was used to prepare the test samples coated 
with the coating conpos it ions of Examples 2 through 4. 
Several variables in the processing of the lenses were 
evaluated for their effects on percent transmission and 
percent haze. These variables were: concentration of 
hydrofluoric acid, the time period of acid treatment, and 
treatment with the aqueous leaching solution. The results are 
listed in Table 3. 

Another set of piano lenses were coated with the coating 
composition of Exanple 1 and processed according to. the 
proced\ire of Part A used to ^prepare test squares coated with 
the coating composition of Example* 1. Process variables 
tested for their effects on coating adhesion were: (a) the 
presence 0,05 weight percent fluorinated alkylpolyoxyethylene 
ethanol nonionic surfactant in the aqueous 1.5 weight percent 
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hydrofluoric acid solution and in the aqueous 0.1 weight 
percent tetramethylainmonium hydroxide leaching solution and 
(b) use of a final curing step of heating at 95 for one 
hour. Adhesion testing was done as described in Part B hereof 
except that the samples were not aged. Results are listed in 
Table 4 wherein a ( + ) indicates use of the process variable 
and a (-) indicates the absence of the process variable. 

Table 1 













COMPAR. 


Tftst 


EX 1 


EX 2 


EX ^ 


EX 4 


EXAMPLE 


Optical Transmission, % 


99.0 


98.0 


98.1 


98:4 


95.8% 


BARI 


1.5 


1.5 


0.8 


1.2 


1.15 


Ha2e,% 


0.3 


0.2 


0.1 


0.5 


0.33 


Adhesion 


Passed 


Passed 


Passed 


Passed 


Passed 


Thickness, pxa 


7 


3.2 


6 


6.5 


0.15 


Hardcoat Cure Temp.*'C 


120 


120 


92 


120 


93 


Hardcoat Cure Time, (hrs) 


4 


5 


16 


3 


4 



15 



20 



25 



The results of Table 1 show improved optical transmission 
for the test san?)les prepared using the con?)ositons of 
Examples 1 through 4, and reduced percent haze for the samples 
prepared using the cotr5)ositions of Examples 2 and 3 as 
compared to the results for the test sample prepared using the 
composition of the Comparative Example. The BARI results for 
test samples prepared using the compositions of Exanples 1, 2 
and 4 are better than the xincoated test square. 

ZABLK^ 

Exan^le 1 



Test 

Optical Transmission, % 
Impact, foot pound 
Percent Loss of Photochromic 
Performance at: 

a) 4BD nm 

b) 620 ntii 
Chemical Resistance 
*Not Determined 



Coating 

88.2 
0.6 



3.6 
2.5 
Passed 



Reflection 
Free® Plus 

88.8 
0.3 



22 
25 
ND* 
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The results of Table 2 show that Transitions® Plus 
photochromic lenses coated with the coating composition of 
Example 1 and treated to become antiref lective have a 
5 conqoarable percent optical transmission, a greater resistance 
to inpact and a lower percent loss of photochromic performance 
conpared to Treinsitions® Plus lenses coated with the 
Reflection Free® Plus antiref lective coating.. The lenses 
coated with the conposition of Example l and treated to become 
10 antiref lective pass the chemical resistance test. 

TABLE 

Treatment 



Wt. % 


Time 


Leaching 


Percent 


Percent 


HE 


in Minutes 


Step* 


Transmisfiinn 


Haze 


1.5 


35 




96.8 


0.72 


1.5 


35 


+ 


99.3 


0.43 


1.5 


40 




96.5 


0.91 


1.5 


40 


+ 


99.0 


0.46 


1.5 


45 




96.5 


1.03 


1.5 


45 


+ 


98.7 


0.72 


2.5 


15 




96.0 


0.40 


2.5 


15 


+ 


97.7 


0.23 


2.5 


20 




95.1 


0.61 


2.5 


20 


+ 


98.6 


'0.35 


2.5 


25 




97.3 


0.79 


2.5 


25 


+ 


98.3 


0.45 



* (-) Leaching Step not used 
30 M Leaching Step used 



The results of Table 3 show the positive effect of the 
leaching step, i.e., contact with the aqueous leaching 
solution containing 0.1 weight percent of tetramethylammonium 
35 hydroxide, on the percent transraissfion and percent haze of the 
antirefledtive coating prepared with the coating con?>osition 
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of Example 1. In each comparison, the lenses processed with 
the leaching step have a higher percent transmission and a 
lower percent haze than lenses processed without the leaching 
step. 

5 

TABI.E 4 

Presence /Absence of 
Fluorosurf actant in 
10 Aqueous Acidic Leaching Final 

Solutions Solution curing Adhesion 

• - Failed 

+ Failed 

.+ + - Failed 

15 + + + Passed 

The results of Table 4 show the effect of the presence of 
0.05 weight percent fluorinated alkylpolyoxyethylene ethanol 
. surfactant in the aqueous acidic solution and in the aqueous 
20 leaching solution, euid the inclusion of a final curing- step on 
the adhesion of the coating prepared from the coating 
composition of Example 1. The lens processed with 
fluorosurf actant present in the aqueous acidic solutions and 
in the aqueous leaching solution and cured at 95 for one 
25 hour passed the adhesion test. 

While the present invention has been described with 
reference to specific details of certain embodiments thereof, 
it is not intended that such details should be regarded as 
limitations upon the scope of the invention except insofar as 
30 they are included in the accompanying claims. 
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We claim: 

1. A coating composition consisting essentially 
of: . ' 

(a) from about 20 to 70 weight percent of a silane 
5 monomer mixture of (i) a first silane monomer which is a 

glycidoxy(Ci-C3)alkyl(Ci-C2)a ^^'iV^(^i^^2^h alkoxysilane 
wherein a is an integer of from 0 to 2 and b is the integer 2 
or 3, provided that b is 3 only when a is 0 or 1, gmd (ii) a 
second silane monomer having the general formula 

10 {X)c(Ci-C3)dallcyl{Ci-C3)eallcyl{Rl)fSi4.(d+e+f) ^ wherein X is 
selected from the group consisting of mercapto, amino, chloro 
and methacryloxy, is C1-C4 alkoxy or acetoxy, and c and d 
are each the integers 0 or e is the integer 1 or 2, and f 
is the integer 2 or 3, the weight ratio of (i) : (ii) being from 

15 abput 1:5 to 1:20; 

(b) from about 0 to 40 weight percent of 
tetra (C1-C4 ) alkoxysilane ; 

(c) from about 0 to 10 weight percent of 
fluorinated silane; 

20 (d) a binding amount of silane monomer- compatible 

water-soluble organic polymer; 

(e) a leveling amount of nonionic surfactant; 

(f) a solvating amount of lower aliphatic alcohol; 

(g) a catalytic amount of water-soluble acid; and 
25 (h) water in an amoxint sufficient to form 

hydrolysates of said silane monomers and to solubilize said 
water-soluble polymer and acid. 

2. The coating coitposition of claijn l wherein the 
30 amount of the silane monomer mixture is from about 40 to 70 
weight percent; the water- solxible polymer is selected from the 
group consisting of hydroxyethyl cellulose, polyvinyl alcohol, 
and polyvinyl pyrrolidone and is present in an amount of from 
about 1 to 8 weight percent; said nonionic surfactant is 
35 selected from the group consisting of alkyl phenol 

ethoxylates, fluoroaliphatic polymeric esters and fluorinated 
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alkyl polyoxyethylene ethanols; and the lower aliphatic 
alcohol is C1-C3 alkanol or aliphatic alcohol of the formula 
[{R3)i R4]j (Ci-C3)OH, wherein r3 and are each 01-02 
alkoxy, i is the integer 0 or 1, and j is the integer 1. 

5 

3. The coating composition of claim 2 wherein the 
amount of the silane monomer mixture is from eQDout 50 to 60 
weight percent; the amount of the tetra (C1-C4) alkoxysilane is 
from about 0 to 20 weight percent; the amount of the 
10 fluorinated silane is from about 0 to 8 weight percent; the 
lower aliphatic alcohol is selected from the group consisting 
of methanol, ethanol, and l-methoxy-2-propanol; and the water- 
soluble acid is acetic acid or nitric acid; 

15 4. The composition of claim 2 wherein the first 

silane monomer is gamma-glycidoxypropyltrimethoxysilcine, 
gamma-glycidoxypropylmethyldimethoxysilane , gamma -glycidoxy- 
propyldimethylethoxysilane, hydrolysates thereof, or mixtures 
of such silane monomers; the second silane monomer is • 

20 methyl trimethoxysilane, methyl triethoxysilane, ethyl tri- 

methoxysilane, ethyl triethoxysilane, hydrolysates thereof or 
mixtures of such silane monomers; the water-soluble polymer is 
a polyvinyl alcohol that is at least 72 percent hydrolyzed; 
the noni,onic surfactant is a f luoroaliphatic polymeric ester; 

25 the lower aliphatic alcohol is methanol and the water-soluble 
acid is acetic acid. 

5. The composition of claim 4 wherein said 
polyvinyl alcohol is at least 87 percent hydrolyzed, 

30 

6. The coating composition of claim 1 wherein 
said solvating amo\inc of lower aliphatic alcohol represents up 
to about 40 weight percent of the coating composition. 

35 7. The coating composition of claim 6 wherein the 

pH of said coating composition is from about 4 to about 5. 
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8/ A process for preparing an antiref lective 
coating on an organic polymeric host material comprising the ^* 
steps of: 

5 (a) coating said polymeric host with a transparent 

durable coating composition, 

(b) curing said coating composition; 

(c) treating the cured coating with an aqueous 
acidic solution cotnprising from about 0.5 to 3 weight percent 

10 hydrofluoric acid, and from about 0 to 1.0 weight percent 

nitric acid for a time sufficient to produce a coating having 
a graded refractive index; 

(d) contacting the coating of step (c) with an 
aqueous alkaline leaching solution for a time sufficient to 

15 remove residual acid from the surface of the coating; and 

(e) drying and curing the coating of step (d) . 



9. The process of claim 8 wherein a nonionic 
fludrosurfactant is present in the aqueous acidic solution. 

20 

10 . The process of claim 8 wherein said aqueous 
alkaline leaching solution is an aqueous alkaline solution 
con5)rising a tetra(Ci-C4) alkylammoni\am hydroxide and a 
nonionife f luorosurf actant . 

25 

11. The process of claim 8 wherein the organic 
polymeric host material is selected from the group consisting 
of polymers prepared from polyol (allyl carbonate) monomer, 
polyfunctioiial acrylate monomer, acrylate monomer, 

30 alkylacrylate monomer, cellulose acetate, cellulose 

triacetate, cellulose acetate propionate, cellulose acetate 
butyrate, poly (vinyl acetate), poly (vinyl alcohol), poly (vinyl 
chloride) poly ( vinylidene chloride) , polycarbonate, 
polyurethanes , polyesters, poly (ethylene terephthalate) , 

35 polystyrene, copoly (styrene-methyl methacrylate) , 
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copoly(styrene-acrylonitrile) , polyvinylbutyrallirid polymers 
of diallylidene pentaerythritol . 

12. The process of claim 9 wherein said aqueous 
5 alkaline leaching solution is an aqueous alkaline solution 

comprising a tetra(Ci-C4)alkylammonium hydroxide and a 
nonionic fluorosurfactant, and wherein said organic polymeric 
host material, is a solid transparent homopolymer or copolymer 
of diethylene glycol bis (allyl carbonate) , 
10 poly(methylmethacrylate), polyvinylbutyral , a polycarbonate, 
polyester or polyurethane . 

13. A process for preparing an antiref lective 
coating on an organic polymeric host material coit?>rising the 

15 steps of : 

(a) applying to said polymeric host a coating 
coti?>osition consisting essentially of: 

(1) about 20 to 70 weight percent of a silane 
monomer mixture of (i) a first silane monomer which is a 

20 glycidoxy(Ci-C3)alkyl(Ci-C2)a alkyl (Ci-C2)b alkoxysilane, 

wherein a is an integer of from 0 to 2 and b is the integer 2 
or 3, provided that b is 3 only when a is 0 or 1, and (ii) a 
second silane monomer having the general formula 
{X)c{Ci-C3)dal)q^l(Ci-C3)ealkyl{R^)fSi4.(d+e+f)' wherein X is 

25 selected from the group consisting of mercapto, amino, ;Chloro 
and methacryloxy, is C1-C4 alkoxy or acetoxy, and c and d 
are each the integers 0 or 1, e is the integer 1 or 2, and f 
is the integer 2 or 3, the weight ratio of (i) : (ii) being from 

about 1:5 to 1:20; 
3Q (2) from about 0 to 40 weight percent of 

tetra (C1-C4) alkoxyeilane; 

(3) from about 0 to 10 weight percent of 

fluorinated silane; 

(4) a binding amount of silane monomer* 
35 conpatible water-solxable organic polymer; 

(5) a leveling amount of nonionic surfactant 
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alcohol ; 



and 
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(6) a sol va ting. amount of lower aliphatic 

(7) a catalytic amount of water-soluble acid; 



5 (8) water in an amount sufficient to form 

hydrolysates of said silane monomers and to solubilize said 
water-soluble polymer and acid; 

(b) . curing said coating conposition; 

(c) treating the cured coating with an aqueous 

10 acidic solution comprising from about 0.5 to 3 weight percent 
hydrofluoric acid, and from about 0 to 1.0 weight percent 
nitric acid for a time sufficient to produce a coating having 
a graded refractive index; 

<d) contacting the coating of step (c) with an 
IS aqueous alkaline leaching solution for a time sufficient to 
remove residxxal acid from the surface of the coating; and 
(e) c\xring the coating of step (d) . 

14. The process of claim 13 wherein a nonionic 
20 fluorosurfactant is present in the aqueous acidic solution. 

15. The process of claim 14 wherein said aqueous 
alkaline leaching solution is an aqueous alkaline solution 
cortqprising a tetra(Ci-C4) alkylaramonium hydroxide and a 

25 nonionic fluorosurfactant. 

16. The process of claim 15 wherein the amoxint of 
the silane monomer mixture is from about 40 to 70 weight 
percent; the water-soluble polymer is selected from the group 
consisting of hydroxyethyl cellulose, polyvinyl alcohol, and 
polyvinyl pyrrolidone and is present in an amount of from 
about i to 8 weight percent; said nonionic surfactant is 
selected from the group consisting of alkyl phenol 
ethoxylates, f luoroaliphatic polymeric esters and f luorinated 
alkyl polyoxyethylene ethanol; and the lower aliphatic alcohol 
is a CX-C3 alkanol or aliphatic alcohol of the formula [{R'^)i 
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R^] j (Ci-C3)OH, wherein and R^ are each C1-C2 alkoxy, i is 
the integer 0 or 1, and j is the integer 1. 

17. The process of claim 16 wherein the amount of 
. 5 the silane monomer mixture is from about 50 to 60 weight 

percent; the amount of tetra (Ci-C4)alkoxysilane is from about 
0 to 20 weight percent; the amount of the fluorinated silane 
is from about 0 to 8 weight percent; the lower aliphatic 
alcohol is selected from the group consisting of methanol, 
10 ethanol, and l -me thoxy- 2 -propanoic and the water-soluble acid 
is acetic acid or nitric acid; 

18. The process of claim 16 wherein the first 
silane monomer is gamma-glycidoxypropyltrimethoxysilane, 

15 gamma-glycidoxypropylmethyldimethoxysilane, gamma- 

glycidoxypropyldimethylethoxysilane. hydrolysates thereof, or 
mixtures of such silane monomers and the second silane monomer 
is methyltrimethoxysilane, methyltriethoxysilane, 
ethyltrimethoxysilane, ethyltriethoxysilane, hydrolysates 

20 thereof or mixtures of such silane monomers; the water-soluble 
polymer is a polyvinyl alcohol that is at least 72 percent 
hydrolyzed; the nonionic s\irfactant is a f luoroaliphatic 
polymeric ester; the lower aliphatic alcohol is methanol and 
the water-soluble acid is acetic, acid. 

25 ' 

19. The process of claim 18 wherein said polyvinyl 

alcohol is at least 87 percent hydrolyzed- 

20. The process of claim 13 wherein the organic 
30 polymeric host material is selected frotn the group consisting 

of polymers prepared from polyol (allyl carbonate) monomer, 
polyfunctional acrylate monomer, acrylate monomer, 
alkylacrylate monomer, cellulose acetate, cellulose 
triacetate, cellulose acetate propionate, cellulose acetate 
35 butyrate, poly (vinyl acetate), poly (vinyl alcohol), poly (vinyl 
chloride) poly (vinyl idene chloride), polycarbonate, 
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polyurethanes. polyesters, poly (ethylene terephthalate) . 
polystyrene, copoly(styrene -methyl methacrylate) , 
copoly(styrene-acrylonitrile), polyvinylbutyral and polymers 
of diallylidene pentaerythritol . 

5 

21. The process of claim 20 wherein said organic 
polymeric host material is a solid transparent homopolymer or 
copolymer of diethylene glycol bis(allyl carbonate). 
poly(methylmethacrylate) , polyvinylbutyral, a polycarbonate, 

10 polyester or polyurethane . 

22. An article con5)rising, in combination, an 
organic polymeric host material and on at least one surface 
theireof the cured coating con5>osition of claim 1. 



25 



30 



23. An article comprising, in combination, an 
organic polymeric host material and on at least one surface 
thereof an antiref lective coating prepared by the process of 
claim 8. 

24. An article comprising, in combination, an 
organic polymeric host material and on at least one surface 
thereof an antireflective coating prepared by the process of 
claim 13. ; 

25. The aurtiicle of claim 24 wherein said 
antireflective coating is prepared by the process of claim 16 

26. The article of claim 24 wherein said 
antireflective coating is prepared by the process of claim 18 

27 . The article of claim 22 wherein the article i 
an optical element and the coating is antireflective. 



wo 9S/16522 



5 



10 



15 



20 



25 



-42- 

28. The article of" claim 27 wherein said optical 
element has a visible light transmission of at least 98 
percent and percent haze of O.S or less. 

29. The article of claim 28 wherein said optical 
element is an ophthalmic lens . 

30. A photochromic article coii?>rising, in 
combination, an organic polymeric host material, a 
photochromic amount of at least one organic photochromic 
compound associated with said host material, and on at least 
one surface thereof the cured coating conqposition of claim i . 

31. The photochromic article of claim 30 wherein 
said organic polymeric host material is a solid transparent 
homopolymer or copolymer of diethylene glycol bis (ally 1 
carbonate), poly (methylmethacrylate) , polyvinylbutyral , a 
polycarbonate, polyester or polyurethane . 

32. The photochromic article of claim 31 wherein 
the article is an optical element. 

33. The photochromic article of claim 31 wherein 
the cured coating is antiref lective. 

34. The photochromic article of claim 33 wherein 
the article is an ophthalmic lens. 
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AMENDED CLAIMS 

[received by the International Bureau on 1 May 1SS5 (01 .05795 )- 
original claims 25,26 and 31 amended; new claims 35-i^Sife* ' 
remaining claims unchanged (3 pages)] 

polyurethanes , polyesters, poly (ethylene terephthalate) , 
polystyrene, copoly(styrene -methyl methacrylate) , 
5 copoly (styrene-acrylonitrile) , polyvinylbutyral and polymers 
of diallylidene pentaerythritol . 

21. The process of claim 20 wherein said organic 
polymeric host material is a solid transparent homopolymer or 

10 copolymer of diethylene glycol bis (allyl carbonate) , 

poly(methylmethacrylate) , polyvinylbutyral, a polycarbonate, 
polyester or polyurethane . 

22. An article con5>rising, in combination, cm 
15 organic polymeric host material and on at least one surface 

thereof the cured coating conposition of claim 1. 

23. An article comprising, in combination, an 
organic polymeric host material and on at least one stirface 
thereof an antiref lective coating prepared by the process of 
claim 8. 



24. An article comprising, in combination, an 
organic polymeric host material and on at least one surface 

25 thereof an ^tiref lective coating prepared by the process of 
claim 13. 

25. An article comprising, in combination, an 
orgcinic polymeric host material and on at least one surface 

30 thereof an antiref lective coating prepared by the process of 
claim 16. 

26. An article conprising, in combination, an 
organic polymeric host material and on at least one surface 

35 thereof an antiref lective coating prepared by the process of 
claim 18. 



AMENDED SHEET (ARnCLE 19) 



wo 95/16522 PCT/US94/140I3 

44 



27. The article of claim 22 wherein the~"article is 
an optical element and the coating is cintireflective. 

5 ■ . - 

28. The article of claim 27 wherein said optical 
element has a visible light transmission of at least 98 
percent and percent haze of 0.5 or less. 

10 29. The article of claim 28 wherein said optical 

element is an ophthalmic lens. 

30. A photochroraic article comprising, in 
combination, an organic polymeric host material, a 

15 photochromic amo\mt of at least one organic photochromic 

compound associated with said host material, ctnd on at least 
one surface thereof the cured coating conposition of claim 1. 

31. The photochroraic article of claim 40 wherein 
20 said organic polymeric host material is a solid transparent 

homopolymer or copolymer of diethylene glycol bis (allyl 
carbonate), poly (methylmethacrylate) , polyvinylbutyral , a 
polycarbonate, polyester or polyure thane . 

25 3 2. The photochromic article of claim 31 wherein 

the article xs an optical element. 

33. The photochromic article of claim 31 wherein 
the cured coating is antiref lective . 

30 

34. The photochromic sirticle of claim 33 wherein 
the eurticle is an pE)hthalmic lens. 

35. An article comprising, in combination, an organic 
35 polymeric host material and on at least one surface thereof the 

cured coating composition of claim 3 . 
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36. An article conqprising, in combinatiiDn, an organic 
polymeric host material and on at least one surface thereof the 

5 cured coating composition of claim 5, 

37. An article comprising, in combination, . an organic 
polymeric host material and on at least one surface thereof the 
cured coating composition of claim 7. 

38. A photochrbmic article comprising, in 
combination, an organic polymeric host material, a photochromic 
amount of at least one organic photochromic compoTind associated 
with said host material, and on at least one surface thereof the 
cured coating composition of claim 3. 

39. A photochromic article coir5)rising, in 
combination, an organic polymeric host material, a photochromic 
amount of at least one organic photochromic coTti)ound associated 
with said host material, and on at least one sxirface thereof the 
cured coating composition of claim 5. 

. 40. The photochromic article of claim 30 wherein 
said organic polymeric host material is selected from the* 
group consisting of polymers prepared from polyol (allyl 
carbonate) monomer, polyfunctional acrylate monomer, acrylate 
monomer, alkylacrylate monomer, cellulose acetate, cellulose 
triacetate, cellulose acetate propionate, cellulose acetate 
butyrate, poly (vinyl acetate), poly (vinyl alcohol) , poly (vinyl 
chloride) poly(vinylidene chloride) , polycarbonate, 
polyurethanes, polyesters, poly (ethylene terephthalate) , 
polystyrene, copoly(styrene-methyl methacrylate) , 
cqpoly(Btyrene-acrylonitrile) , polyvinylbutyral and polymers 
of diallylidene pentaerythritol . 
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STATEMENT UNDER ARTICLE 19 

Enclosed herewith are replacements for pages 19, 41 and 42 of the 
sxibject application in which amend^nents to the specification and 
claims are made. Also enclosed are new pages 42 and 43, on which 
additional claims 35-40 are presented. The difference between the 
claims as filed and the claims as amended are as follows: 

(a) Claims 25, 26 and 31 have been amended; 

(b) Claims 1-24, 27-30 and 32-34 remain unchanged; and 

(c) Claims 35-40 are new. 

Claims 25 and 26 have been amended by writing the claims independent 
of claim -24. Otherwise, claims 25 and 26 remain unchanged. Claim 31 
has been amended, by having the claim depend from newly presented claim 
40 instead of previously presented claim 30. Claims 35-40 have been 
added to claim, respectively, articles coated with the coating 
composition of original claims 3, 5 and 7; photochromic articles 
coated with the coating con5)osition of original claims 3 and 5, and a 
photochromic article prepared from the organic polymeric host 
materials that are listed in original claims 11 and 20 and which are 
disclosed on page 22, line 17, to page 23, line 23, of the 
specification. No new matter has been introduced with the above 
amended, re-written, and added claims. 

The specification has been amended on page 19 to update the status of 
those recited co-pending patent applications which have now issued .as 
United States patents, or- which have been refiled. 
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